The shape of the relationship between the rate of environmental degradation and income per capita has been the subject of much empirical examination. When test results based around this so-called 'environmental Kuznets curve' are compared, the empirical evidence is neither consistently supportive of its traditional inverted-U shape nor uniform across pollutants. A deeper understanding of the characteristics of pollutants and of the derived demand and derived supply of pollutants needs to be achieved if environmental Kuznets curves are to be useful. 
Introduction
There are two main problems facing environmental policy makers: to ensure that useful knowledge informs policy (without being misused and/or distorted) and to understand how to respond to this knowledge (Boehmer-Christiansen, 1994, p. 140) .
Policy makers could use the 'environmental Kuznets curve' (often referred to as the EKC), which is thought to illustrate the relationship between income per capita and the rate of environment degradation, as a policy tool for controlling environmental quality. However, although a wealth of empirical literature based around the environmental Kuznets curve exists, it is uncertain to what extent the results are useful for policy formation.
A seminal paper by Nobel Laureate Simon Kuznets (1955) illustrated that the shape of the relationship between income per capita and income inequality is inverted-U. The relationship between income per capita and the rate of environmental degradation takes its name from Kuznets' paper as it is thought to take the same shape. The inverted-U shape environmental Kuznets curve is thought to capture the progression towards ever-higher income per capita, which is initially associated with an increase in the rate of environmental degradation but then, after a turning point, the rate of environmental degradation decreases. This inverse U-shape pattern of income per capita to the rate of environmental degradation, as illustrated in Figure 1 The paper has the following structure. The next section briefly presents a discussion of the 'going-for-growth' perspective where the rate of environmental degradation is perceived to be of peripheral importance to policy makers. It is argued that policy should only be limited in this way if the environmental Kuznets curve has a negative slope and/or if the turning point is accessible for current levels of income.
Section 3 is a review of the results of empirical studies that identify curves for different pollutants. Section 5 summarises the most important considerations behind whether we can take the environmental Kuznets curve seriously and signals whether progress still needs to be made.
Going for Growth (or perhaps not).
Many developed countries produce large proportions of high-tech goods, consume less raw resources and have decreasing rates of environmental degradation than countries that have lower levels of income. If countries with higher income levels naturally pollute the environment less, then policies that stimulate growth ought to be good for the environment. The challenge should therefore be to achieve faster economic growth and accelerate out of the high rate of environmental polluting phase, a popularly cited characteristic of middle-income countries, so that the rate of environment degradation slows.
Proponents of this 'going-for-growth' perspective invite the emphasis on achieving faster economic growth rather than on forming environmentally friendly policies because economic growth is perceived to be able to achieve both economic and environmental goals, whereas implementing environmental policies may impede economic growth. Under this philosophy, George W. Bush's announcement "that he had no intention of honouring his campaign pledge to regulate emissions of carbon dioxide" (The Economist, 17/03/01, p. 122) is not disturbing and, indeed, other countries should adopt this 'going-for-growth' stance as well. Economic growth may be necessary to improve the environment but few appear to assert this proposition as much as Beckerman (1992, p. 482) who suggests that "the best -and probably onlyway to attain a decent environment in most countries is to become rich".
For LDCs growth could seem to promise only environmental improvement and it might be a powerful way for improving environmental quality. Economic growth may not necessarily deteriorate the environment even at the very low level if, as very low-income countries develop, they could devote more resources (either their own or from foreign aid for example) to improving water supplies and to reducing urban congestion by studying and implementing the knowledge gained from other country's development experiences. However, there is contention as to whether all countries follow similar developmental growth paths and, although it is possible to grow out of some environmental problems, there is nothing automatic about doing so (Shafik and Bandyopadhyay, 1992) .
One paper that appears to oppose Beckerman's perspective in principle is Roberts and Grimes (1997) who put the experience of some developed countries down to efficiency improvements in a small number of wealthy countries and a contemporaneous worsening in the performance in poor and middle-income countries.
In stark contrast to Beckerman (1992) , Roberts and Grimes (1997) suggest a curvilinear relationship (see Figure 2 ) that deepens and persists due to constraints in poorer countries in the world economy, suggesting that the environmental Kuznets curve is not an evolution of countries passing through various stages of development. {Figure 2 about here} It could also be the case that a higher level of education (which generally increases with income) enhances environmental awareness and thereby amplifies the pressure made by inhabitants on policy makers to increase environmental quality or to decrease the rate of environmental degradation. Richer economies have greater means available to abate pollution as their governments can increase their expenditure on environmental protection. However, it is not sufficient simply to generate resources that could be spent on environmental protection; they must actually be spent on improving environmental quality (Ekins et al., 1994) . Environmentalist movements (such as Greenpeace), who believe that they strive to achieve a better standard of living for future generations, are more prevalent in relatively developed countries. For an analysis of the environmental movement and the affect on policy at the national and international level, see Kamieniecki (1991) .
Conclusions obtained from the going-for-growth argument may well apply to rich countries that used to produce a substantial amount of pollution but now produce an output composed of relatively high-tech goods that emit a relatively low rate of pollution, but before we use such theoretical links for policy we need to identify whether this experience is common across countries and across pollutants and establish whether the inverted-U shape environmental Kuznets curve has external validity.
Environmental Kuznets Curve: Empirical Evidence
If environmental quality and income per capita are related, then there is a case for policy to target income per capita growth to maintain a certain level or improve environmental quality. Empirical studies have presented examinations of data on environmental quality and income per capita in order to identify the shape of the relationship. Before progressing to review case studies, with particular focus on air quality, water quality and deforestation, attention is first directed to the origins of such empirical estimations.
Early Empirical Studies
One of the earliest empirical studies to examine the relationship between environmental quality and income per capita is Grossman and Krueger (1991) for urban air quality. They found that "Economic growth tends to alleviate pollution problems once a country's per capita income reaches about $4,000 to $5,000" (1991, p. 35-6) . In this sense economic growth and the environment are not necessarily in conflict -economic growth can complement the environment and developing countries domestic policy formation could be geared around growing out of environmental problems. However, there was controversy even from this early stage of empirical investigation as Hettegi et al. (1992) found no evidence to suggest that the inverted U-shape relationship exists for toxic intensity from manufacturing industries. In an analysis of 80 countries between 1960 and 1988, they found that higher manufacturing output actually produces ever-higher toxic intensity.
Essentially, Hettegi et al. (1992) suggest that pollution increases with income per capita and output, which raises the question whether the general turning point suggested by Grossman and Krueger exists across pollutants.
This controversy initiated a wealth of empirical studies which attempted to investigate whether the inverted-U shaped relationship is pollutant specific. For instance, Panayotou (1993) presents results that show that as countries surpass a per capita income of $10,000 they then begin to shift away from energy intensive heavy industry and into services and IT. If the general turning point is around the $10,000 mark, as suggested by Panayotou (1993) , then is this an output level that all countries could set out to surpass? A brief examination of Figure 3 illustrates that over half of the countries around the world (60 out of 106 in our sample -which is based on data availability) are below this level of output. The medium income per capita ($8,032) is far below the mean ($11,633) and the degree of skewness (-0.884 ) is definitely towards the bottom end of the distribution. This suggests that if countries that have a real GDP per worker below $10,000 all attempt to reach the positive slope that exist after $10,000, then there would have to be a considerable deterioration in worldwide environmental quality before the rate of environmental degradation begins to slow. {Figure 3 about here} In addition to the controversy that may exist between pollutants, it is also worth having a quick look at the type of estimation employed in empirical investigations.
1 As single-equation reduced form models, such as the standard environmental Kuznets curve, do not incorporate structural interrelationships, it is very difficult to identify underlying causal factors are driving the relationship. As the reduced form environmental Kuznets curve is not driven by any particular economic model, there is little theoretical guidance for the correct specification. Instead, we assume that the reduced form model captures the underlying structural model in which income influences technology, the composition of economic output and policy, and any changes in these factors that influence environmental pressure.
It is convention to assume that there is no feedback from the environment on production, and hence there is unidirectional causality from income to the environment. This assumption is particularly problematic when either resource depletion or resource base degradation is involved which have productivity related effects either directly on the economy or indirectly through, for example, its impact on the population's health. Nevertheless, there are some exceptions. For instance, Unruh and Moomaw (1998) employ a dynamical system that incorporates non-linear feedback systems. Failure to take effective action to reduce particulate emissions in Malaysia is known to have led to increases in mortality rates among urban dwellers and, as we now know, health status is known to be positively related to income (Knowles and Owen, 1995; Webber, 2001 ).
Air Pollution
Air pollution can be thought of as a classic free rider problem. As long as the polluter is up wind, then the polluter will not suffer directly from air pollution.
The results of studies into the relationship between air pollutants and income are presented in Table 1 . In general, air quality evolves over time and varies across countries. One study of a general improvement in aggregate air pollutants is made by Portney (1998, p. 36) contributes to global warming, but has an insignificant direct effect on health. The results presented by Seldon and Song (1994) are not fully supported by others. For instance, Carson et al. (1997) suggest that the relationship between income and NO x is negative, such that it decreases monotonically with income. Although the shape of the environmental Kuznets curve is generally supported for SO 2 by most authors (such as Grossman and Krueger, 1995; Panayotou, 1997; Carson et al., 1997) , the position of the turning point varies from a low of $3,670 (Shafik and Bandyopadhyay, 1992 ) to a high of $12,500 (Kaufmann et al., 1998) ; this is a 2 At Kyoto in 1997, a breakthrough on combating global warmed seemed on the verge of taking place.
difference of over 340%. Moreover, although the environmental Kuznets curve observed relationship for suspended particle matter is supported by the results of Shafik and Bandyopadhyay (1992) , Grossman and Krueger (1991) identified it to be linear with negative slope, while Grossman and Krueger (1995) and Vincent (1997) identify it to be cubic (see Figure 2 ) (in other words growth at middle-income levels would improve environmental quality but growth at high-income levels would be detrimental). Opschoor (1990) Why are there differences in these relationships? One reason could be the variety of economies incorporated in the sample for empirical examination. For instance, Hettegi et al. (1992) found that the rate of toxic intensity grew faster in LDCs than in the more developed countries while Holtz-Eakin and found that global carbon dioxide emissions will continue to grow at about 1.8% per annum for the foreseeable future because output and population will continue to growth most rapidly in lower income countries will high marginal propensities to emit carbon dioxide. If there is a continued increase in demand for and supply of LDCs' goods then there is bound to be an increase in pollution in the world's atmosphere through increased output. However, this 'scale' effect may be outweighed by changes in the composition of production towards services and innovations of technologies (driven by markets or government regulation) that pollute less.
Water Quality
Water pollution can also be a classic free rider problem. As long as the polluter is further up the catchment area than the area that is being polluted, then the polluter will not suffer directly from the pollution.
Water is essential for sustaining life. Increasing income might increase production and therefore pollution, but this may be bearable if the benefits that accrue to the population outweigh the costs. At the very low level of income per capita, an increase in income per capita can improve sanitation and increase the number of watering holes. A lack of clean water and urban sanitation both improve uniformly with increasing income and over time (Shafik and Bandyopadhyay, 1992 ) and a lack of clean water affects productivity. In Bangladesh, diarrheal diseases also account for about one in five deaths in all age groups (Beckerman, 1992, p. 489) . Economic growth could enhance the health of individuals by increasing stamina, flexibility and agility and thereby stimulate economic growth (Webber and Perlo-Freeman, 2005 ).
There is a wealth of evidence to suggest that increasing income will not be beneficial to water quality, as the shape of the environmental Kuznets curve relationship for water quality is not usually found to be either negatively sloped or inverted-U shaped. Most empirical studies identify that the quality of water supplies and income are positively related (see for example Shafik and Bandyopadhyay, 1992; Vincent, 1997; Hettige et al., 2000) . A summary of empirical results for water quality is presented in Table 2 . Two exceptions to this rule are identified. Grossman and Krueger (1995, p. 370) find that "water quality appear[s] to benefit from economic growth once some critical level of income has been reached", suggesting an environmental Kuznets curve type relationship, while Shafik and Bandyopadhyay's (1992) results suggest a cubic shaped relationship for faecal coliforms. Controversy is increased with the findings from Hettige et al. (2000) who identify that although there appears to be a positive relationship between income and industrial water pollution, water quality appears to stabilise after middle-income. The consensus of the opinion is therefore that water quality decreases with income, albeit up to a point.
{Table 2 about here}
Forests
Is there an environmental Kuznets curve for deforestation? Mather et al. (1999, p. 59) examine data from countries across the world and identify that "the rate of deforestation initially increases as income rises but then decreases and gives way to reforestation". This is evidence to suggest that there is an inverted U-shaped environmental Kuznets curve for forests, but might merely be illustrating that people in richer countries have more time to spend on leisure activities which includes gaining utility from the countryside which could generate increasing pressure from environmental pressure groups to reforest.
Economic growth and positive forest trends are not incompatible. Patel et al. (1995) investigate smallholder wood production in East Africa and they too found that "as land continues to be subdivided tree cover tree cover may actually rise" (p. 516).
Results of empirical studies into the relationship between deforestation and income are presented in Table 3 . {Table 3 about here} However, support for an environmental Kuznets curve for deforestation may not be so simple. Mather et al. (1999) stress that "there would seem to be some evidence to suggest that developing and developed countries respectively pass through phases of rapid deforestation and reforestation in the course of economic growth … (and although) the relationship between forest change and income is not close … a statistically significant relationship exists" (p. 60). Stronger evidence of rejection of the environmental Kuznets curve for forests is identified by Shafik and Bandyopadhyay (1992) , who find that "per capita income appears to have very little bearing on the rate of deforestation" (p. 7) while Cropper and Griffiths (1994) conclude that economic growth will clearly not solve the problem of deforestation as any turning point is at such high levels of income per capita. 3 Indeed there are asymmetries depending where in the world the sample is collected; for instance, Panayotou (1993) found deforestation to be much greater in tropical areas and in countries with higher population densities. Lekakis (2000) who, while emphasising that the worst waves of fires ever to occur in Greece happened in the summer of 1998, find that the relationship between the forest environment and output is somewhat indirect as natural disasters also impact heavily on the forest environment.
Other Pollutants
Case studies have been conducted for other measures of environmental quality or emission rates. These range from overgrazing of land (Lekakis, 2000) to automotive lead emissions (Hilton and Levinson, 1998) to the number to environmental offences (Lekakis, 2000) . Relatively few empirical papers have presented counter claims for the shape of respective environmental Kuznets curves, but this is not necessarily due to the lack of publication due to a lack of a new story. Instead it might merely be because of the lack of empirical estimations due to data availability and time The results presented in Table 4 suggest that the shape of the environmental Kuznets curve for (household and automotive) lead emissions and hazardous wastes are inverted-U shaped, implying that environmental degradation accelerates faster at low incomes and slows after a turning point after higher levels of income. As richer cities tend to produce more garbage, the composition of which tends to be very different than poor countries. Other empirical studies suggest that the shape of the environmental quality-income relationship is positive for municipal wastes, overgrazing and the number of environmental offences committed. In contrast, a negative relationship is found for volatile organic carbon and bio-chemical oxygen demand and a cubic relationship is identified for chemical oxygen demand. Low levels of dissolved oxygen, usually caused by human sewage or agro-industrial effluent, reduce the capacity of rivers to support aquatic life.
{Table 4 about here} Focusing on lead emissions, it is unclear whether the relationship is direct. Hilton and Levinson (1998) argue that automotive lead pollution is the product of two separate factors: lead per gallon (pollution intensity) and petrol consumption (pollution activity) and conclude that the declining portion of the environmental
Kuznets curve "depends critically in the reduction in gasoline lead content, not gasoline consumption" (p. 127) and that "None of the decline in lead pollution has vast quantities of forestry in his apparent life long quest to discover more oil (Leeds Student, March come from decreases in polluting activity" (p. 138). Hence, as a nation grows it consumes more and more; only if an economy changes what it consumes, or changes how the good is produced, will environmental quality rise and the rate of environmental degradation fall.
Conclusions
The purpose of this paper was to review the empirical literature on the environmental Kuznets curve and to draw any useful lessons that might be useful for policy makers.
The evidence suggests that there is an aggregate relationship between specific environmental pollutants and income per capita, however the shape of the relationship is not uniform across pollutants and turning points, when they exist, differ across pollutants. This leads to the conclusion that there is no single relationship between income and environmental quality and the rate of environmental degradation. It is possible to grow out of some types of environmental degradations, but whether this is the case will depend on the type of pollution that is under examination. Policy makers should recognise the deficiencies of the theory behind the environmental Kuznets 
